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FAULTING RELATED TO THE 1915 EARTHQUAKES IN PLEASANT VALLEY, NEVADA

FAULT SCARPS FORMED DURING THE EARTHQUAKES
OF OCTOBER 2, 1915, IN PLEASANT VALLEY, NEVADA,
AND SOME TECTONIC IMPLICATIONS

By RoBerT E. WALLACE

ABSTRACT

A set of fault scarps was formed during the earthquakes of
October 2, 1915, in Pleasant Valley, Nevada. Four main scarps
developed in a right-stepping en echelon pattern. From north-
east to southwest, they are the China Mountain, Tobin, Pearce,
and Sou Hills scarps. A fifth scarp, which formed at the erest of
the Stillwater Range, may be of nontectonic origin. The com-
bined length of the scarps is 59 km, the average vertical dis-
placement is 2 m, and the maximum displacement, which oc-
curs on the Pearce scarp, is 5.8 m. Several northwest-striking
segments of the scarps have a right-lateral component of dis-
placement, generally less than 1 m but 2 m in one place. Only
one instance of a left-lateral component of displacement has
been found. The fault plane, exposed in only a few places, dips
at angles between 45° and 80° west and northwest. The axis of
extension is oriented about N. 65° W.

At many places the 1915 scarps formed along an older
scarp, and in some places older scarps represent more than one
previous event. When displacement events occurred prior to
1915 is not known with certainty because the evidence is am-
biguous, but the average recurrence interval for large events is
likely measured in thousands of years and probably is less than
about 12,000 years.

Seismic moment, derived from the scarp dimensions, is
61 x 10%*° dyne/cm, which corresponds to a local magnitude (M;)
of 7.2. This estimate is about half a magnitude unit smaller
than the one derived from analysis of seismic data.

The four scarps lie on the west flanks of four mountain
blocks which have tilted to the east. Other mountain blocks,
east and west of the 1915 scarps, also have tilted to the east.
This pattern raises questions about the mechanism responsible
for the faults. At least some may be listric faults. The four
scarps lie in a belt 6 km wide and 59 km long that trends N. 25°
E. The belt may relate to a deep zone of extension.

INTRODUCTION

The fault scarps that formed during the
earthquakes of October 2, 1915, in Pleasant Valley,
Nevada, are the northernmost of a set of scarps
that have formed along the central Nevada seis-
mic belt in historical time. The 1915 scarps have
been studied previously by Jones (1915), Page

(1934), Muller and others (1951), Burke (1967), and
Glass and Slemmons (1969). Other scarps along
this belt formed in 1954 in Dixie Valley (Slemmons,
1957; Slemmons and others, 1969), in 1954 at Rain-
bow Mountain (Tocher, 1956; Slemmons, 1956), in
1934 at Excelsior Mountain (Callaghan and
Gianella, 1935), in 1932 at Cedar Mountain
(Gianella and Callaghan, 1934a, b), in 1903 at Won-
der (Slemmons and others, 1959), in 1872 in Owens
Valley (Carver and others, 1969; Hill, 1972; Slem-
mons and others, 1968), and in 1869 at Olinghouse
in the Truckee River valley (Slemmons, 1969).

This report on the 1915 scarps is part of a
study using the forms and sizes of scarps de-
veloped during prehistorical earthquakes (Wal-
lace, 1977a, b) to define paleoseismicity in this part
of the the Great Basin province. Fault scarps, the
relief of which results from one or only a few dis-
placements events, are referred to here as
“young” fault scarps. In the Great Basin province,
young fault scarps that are prehistoric are be-
lieved to be related to earthquakes, because they
are similar to searps known to have formed during
earthquakes and because displacement by tectonic
creep has not been identified. Young faults in the
region may be as old as a few hundred thousand
years; the ages of most are poorly known (Wallace,
1977a, 1980).

The 1915 scarps are a set of scarps which
formed in historical time that can be compared to
older, prehistorical scarps. A more exact estimate
of fault length and average displacement than
previously obtained now provides a basis for com-
paring seismic moment derived from rupture di-
mensions with that derived from seismic-wave
analysis. The physical features of different types
of faults, for example, the ways they branch, the
arrangements of multiple strands, and the varia-
tions of displacement along strike, are becoming

Al



A2

more significant as land-use measures are insti-
tuted in urban areas to reduce the hazards of
earthquakes.

The fault scarps were formed during the
earthquakes of 1915 (pl. 1) in four main en echelon
segments along the traces of normal faults that lie
at the west base of four mountain blocks, for which
the scarps are named. The China Mountain, Tobin,
and Pearce blocks are all parts of what is generally
termed the Tobin Range, and the Sou Hills block is
most properly considered either an entirely sepa-
rate block or a part of the Stillwater Range. A fifth
fault segment, which may be related to gravita-
tional spreading rather than to fundamental tec-
tonic processes, is near the crest of the Stillwater
Range and is referred to as the Stillwater scarp.

Each of the four scarp segments is a complex
set of branching and discontinuous scarps and
scarplets, rather than a single continuous scarp
(pl. 1). The strike of each scarp changes abruptly at
several points, and gaps of a few hundred meters
are not uncommon along each of the major scarp
segments.

Pleasant Valley, the area from which the
earthquake and the scarps obtained their most
commonly used name, is adjacent only to the Tobin

410 118°

Balt

Mountain 3

Rye Patch
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|
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FIGURE 1.—Index map showing locations of 1915 scarps.
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and Pearce scarps. Pumpernickel Valley borders
the west flank of China Mountain, and an un-
named valley separates the Sou Hills from the
main Stillwater Range. The scarps are between 50
km southeast of and 100 km south of Winnemucca
(fig. 1); several points on the Pearce scarp are
readily accessible by good gravel roads.

The scarps are especially well preserved be-
cause of the desert climate of the region. Annual
precipitation in the valleys generally is less than
15 em, although in the high parts of the Tobin
Range precipitation probably is several times that
amount. I first visited the scarps in 1957 and pho-
tographed a few sites then, but my major
fieldwork was carried on intermittently during
1972-1979.

The main shock of the earthquake series had
the following parameters:

Time: 2253 P.s.t., October 2, 1915, or
0653 wu.t., October 3, 1915
(Coffman and von Hake, 1973,
p. 152).

Epicenter: 401%4° N., 117%° W. (Coffman
and von Hake, 1973, p. 152).

Intensity: X (Coffman and von Hake,
1973, p. 152).

Richter

magnitude: 7% (Coffman and von Hake,

1973, p. 152).

Duration: 40-45 seconds (Jones, 1915, p.
195).

The main shock was felt over an area of ap-
proximately 1,300,000 km?, from Oregon and
Washington to the Mexican border and from the
Pacific coast to Montana, Wyoming, Colorado, and
Arizona. Two strong foreshocks occurred at 1541
and 1750 P.s.t on October 2. Numerous aftershocks
occurred for months afterward (Slemmons and
others, 1965; Townley and Allen, 1939). The 734
magnitude (above) by Coffman and von Hake is
based on records from the seismographic stations
of the University of California, Berkeley, and at
Lick Observatory. Other estimates of magnitude
are 7.6 (Richter, 1958) and 7.5 to 7.8 (Alan S. Ryall,
written commun., 1974).
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FAULT SCARPS FORMED OCTOBER 2, 1915, AND SOME TECTONIC IMPLICATIONS

structures related to lateral spreading, and
Radbruch-Hall and others (1977) describe similar
extensional structures in Colorado.

PROFILES OF THE SCARPS

Determining topographic profiles across the
scarps are helpful in describing the scarps, in com-
paring the amounts of degradation on various
segments, in comparing the ages of scarps, in iden-
tifying multiple movements, and in adjusting
scarp-height measurements to ascertain the true
vertical component of displacement.

The terms used in referring to parts of the
scarp are shown in figure 19 and are discussed in

STILLWATER RANGE
Scarps and graben

METERS
2000

1500

1000
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0 1 KILOMETER SE
| I |

FIGURE 18.—Diagrammatic cross section, equal vertical and
horizontal scales, showing relation of graben and related
scarps at crest of Stillwater Range. Lateral spreading of
range and origin of the faulting as ‘“‘sackungen” is
suggested.
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FIGURE 19.—Diagram showing terms for parts of scarp.
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Wallace (1977a). The free face is that part of the
scarp that is steeper than the angle of repose for
loose material; when first formed it represents the
fault surface, but it soon changes to a steep slope
from which material spalls to produce the debris
slope. The debris slope is composed principally of
loose material spalled from the free face and gen-
erally stands at the angle of repose. The wash
slope is composed primarily of material washed by
fluvial action from the free face and debris slope
and deposited at the base of the scarp. Examples of
profiles are shown in figures 20-23.

Most commonly, the scarp is composed of a
free face and a debris slope. A free face tends to
remain more prominent on scarps several meters
high than on those less than one meter high. Com-
pare, for example, the profiles of the Pearce scarp
(figs. 21, 22) with those on the Tobin scarp (fig. 20)
and Sou Hills scarp (fig. 23). Even where most of
the scarp is composed of debris slope and wash
slope, however, small remnants of free faces are
protected and preserved at the base of bushes or
larger boulders. Bucknam and Anderson (1979)
find that along a scarp of a single age, the relation
between the scarp’s height and its slope angle can
be approximated by a logarithmic curve and that

A West 0 5 METERS East

37°\ Small remnant
15°-20°\ \ of free face

\ 1915 scarp

1.5-2 meters in height

B 0 5 METERS
West East
9°-10°
2-2.7
go.1go_metersy 38571915 scarp
.
X Graben
C
East
West \ 150
0
[

\1915 scarp, silt, pebbles, cobbles,
and colluvium

Flattened area, graben in places

FIGURE 20.—Profiles across Tobin scarp. A, West center
sec. 31, T.30 N.,, R.40 E., B, SW 1/4 sec. 31, T. 30 N., R. 40
E., C, North edge sec. 19, T. 30 N., R. 40 E.
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for a scarp of a given height, the older the scarp,
the smaller the slope angle. Nash (1980) describes
a diffusion mechanism to explain this relation.

Below the scarp the original surface com-
monly has a lower slope than does the original sur-
face above the scarp, in part because in many
places the 1915 scarp developed along the base of
an older scarp. The presence of a graben at the
base of the older scarp also may account for a
lower slope. Where the slope of the original surface
below the scarp is steeper than that above the
scarp, either the surface has been warped or the
1915 break may have developed uphill from the
zone of a major previous movement. Slemmons
(1957) describes warping or tilting of blocks away
from the main scarp during the 1954 earthquake in
Dixie Valley.

Grabens, which commonly develop at the base
of the scarp, can be seen in figures 21B and 22B
and C; a complex graben and multiple scarps are
illustrated in figure 224.

A

West East
es

0 2 METERS
| E—

Free face of boulders and cobbles

East
West

0 2 METERS
 IS—

Limestone
bedrock

Colluvium

Free face

Debris slope
Graben

FIGURE 21.—Profiles across the Pearce scarp. A, One ki-
lometer north of Cottonwood Canyon, B, Miller mine
area.
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At some locations the scarp is compound and
remnants of older scarps appear as elongate facets
or bevels roughly parallel to the crest and base of
the scarp and generally lying above the part of the
scarp developed in 1915, Profiles display breaks in

A
West East
0 10 METERS e
[ S %
% Rhyolitic
* bedrock
1 meter—
1 meter .
oNG”
0.1 meter 2
Colluvium
B
West East

0 3 METERS
S —

Free face

Debris slope

West East
0 3 METERS
| —

Free face

Debris slope

Graben

FIGURE 22.—Profiles across the Pearce scarp at and near
south edge of sec. 21, T. 29 N,, R. 39 E. A, 0.45 km south of
section line, B, 0.4 km south of section line, C, 0.5 km south
of section line.
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slope between the facets (fig. 24). Each significant
break in slope above the crest of the 1915 scarp
may separate one older scarp from the remnant of
another.

Commonly, the breaks in slope can be discrim-
inated by eye without measuring slope angles. The
breaks tend to have linear continuity along the
slope, and scarp facets separated by the break in
slope may differ in microrelief or erosional tex-
ture. Angular differences as small as 2° may pro-
duce the appearance of facets, but generally angu-
lar differences greater than 3° are required to
clearly differentiate facets. Not everywhere are
the remnants of older scarps clearly preserved as
facets. Where slopes are underlain by materials of
different degrees of induration, microtopography
may be dominated by the effects of differential
erosion.

To determine the vertical component of fault
displacement from heights of scarps in various

A
West East
0 10 METERS 26°
— 33¢,
/ Rhyolitic
\ bedrock
0.35 meters 110 "', 1915 scarp
9° * 1.5 meters
Pediment on *
rhyolitic material
B 0 5 METERS
East
West
o
N
Bedrock,glassy
} Scarp rhyolitic tuff
Small 1.2 meters,30°-35°, in boulders
graben
C
West East

0 10 METERS
1

Columnar
basait

Lake beds

% Small free face

1915 scarp in light-colored lake-bed
cobbles of limestone, sandstone,
and basalt float

FIGURE 23.—Profiles across Sou Hills scarp. A, Approximately
0.3 km north of south edge of T.27 N., R. 38 E., B, near north
end of main scarp, C, center, sec. 5, T.26 N., R, 38 E,

A21

stages of degradation requires reconstruction of
the original slopes and an estimate of how far the
free face has retreated. As the material spalls
from the free face, the crest migrates uphill, and
the scarp height is exaggerated. At the same time,
the toe of the scarp becomes covered by debris, and
the apparent toe of the scarp is extended downhill.
The dip of the fault plane must also be considered
in the reconstruction. Despite these complications,
fairly accurate vertical components of displace-
ment can be estimated for the 1915 scarps. Wallace
(1980) provides nomographs to assist in estimating
the vertical component of displacement on the
basis of the apparent height of a scarp.

RECURRENCE OF FAULTING

That many previous displacements have oc-
curred along the faults that produced the 1915
scarps are evidenced by the height of the range
fronts, the presence of faceted spurs (fig. 25), and
other features characteristic of fault-generated
range fronts (Wallace, 1978). Of particular interest
in regard to the seismic history of this area is the
frequency with which earthquakes have been gen-
erated by displacement along these faults. A his-
tory of large earthquakes accompanied by surface
displacement can be inferred from the presence of
older scarps preserved along or in close proximity
to the 1915 scarps and by a determination of the
ages of these older scarps. The technique of dating
fault scarps by scarp geomorphology, especially
angle of slope, is discussed in papers by Wallace
(1977a), Bucknam and Anderson (1979), and Nash
(1980), and comments about the application of this
technique to the 1915 and related scarps are in-
cluded in the sections “Profiles of the Scarps” and
“Description of the Scarps.” Some remnants of
older scarps, preserved immediately above the
1915 Pearce scarp, are similar in slope to the
wave-cut cliffs of Lake Lahontan, although the
heights of the older scarps are not known. From
such evidence it appears that at least one large
displacement event occurred within the past
12,000 yr B.P. Other scarp remnants above the
12,000-yr-old scarp are even more subdued and
suggest individual displacement events prior to
12,000 yr B.P.

In addition to evidence provided by the mor-
phology of pre-1915 scarps, other relations suggest
earthquakes and fault-displacement events before
1915. Only the relatively large earthquakes were
likely accompanied by fault scarps larger than a
meter high. Smaller displacements related to
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smaller earthquakes would be unlikely to leave a
clear record for long periods of time.

At least two stages of fault displacement are
apparent along the Pearce scarp 100 m north of
the mouth of Little Miller Basin. Two prominent
bands, one above the other, are preserved on a
planar surface of limestone in the scarp face (fig.
26). The lower band represents that part of the
limestone surface that was exposed in 1915 when
the colluvium in the hanging wall of the fault
moved downward about 3 m. The 3-m-wide band is
smooth, has pronounced slickensides, and has only
a few patches of lichens on its surface. In contrast,

A
West
0 10 METERS
L—
610 Free face
1915 scarp
Graben
B
West

0 5 METERS
|

190
2o\

1915 scarp,free face

\

Debris slope of 1915 scarp
37°

Graben
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the upper band, exposed during an earlier dis-
placement, is very rough and pockmarked by solu-
tion pits, and lichens are well developed over 30
percent of the surface. The upper band is about 4
m wide, and its planarity and uniformity of tex-
ture suggest a single displacement event. Evi-
dence of more than one event, of course, may have
been eroded in the process of solution pitting.
Many of the solution pits are crudely circular
in plan, 1-2 em wide and 0.5 cm deep. Rill-like
troughs many centimeters long, 1-2 cm wide, and
0.5 ¢m deep also are present (fig. 27). Between the
two bands is a less conspicuous transition band a

East
\ 7.5°-8.5°

\
Break

X
Break

East
6.5°

Upper terrace
surface

\ =

16°
\ZNotaNe breaks in slope

o) /

0ld scarp slopes

FIGURE 24.—Pearce scarp, showing evidence of more than one displacement. 4, Pearce scarp near Pearce ranch. B, Pearce
scarp at mouth of Siard Canyon.
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The uplift that instituted this cycle of downcutting
could have been related to a fault-displacement
event preceding that of 1915. Given the tree’s age,
the displacement event occurred between about
1674 and 1915. This entire line of argument would
be negated if the root of this juniper tree behaved
like the roots of some other conifers. For example,
I have noted that the roots of some Monterey pine
trees extrude from the ground as they age. Over a
period of a few years, some Monterey pine roots,
once buried, have moved upward out of the ground
over a length of ten or more meters and have con-
tinued to enlarge in diameter in the newly exposed
positions.

In summary, the times of displacement events
prior to 1915 are very uncertain, but the average
recurrence interval for large displacement events
is likely measured in thousands of years, but prob-
ably less than 12,000 yr.

PATTERNS OF RECURRENT FAULTING

Although young fault scarps that formed prior
to 1915 are conspicuous along many segments of
the 1915 scarps, such sites constitute a small per-
centage of the total scarp length. Furthermore,
other young scarps formed prior to 1915 are pres-
ent near, but not directly on, the 1915 scarp trace.
Near the south end of the Pearce scarp (secs. 11, 12
and 14, T. 27 N. R. 38 E.), for example, numerous
small pre-1915 scarps, although arranged in the
same general pattern as those formed in 1915,
were not reactivated; these appear to represent
greater total displacement than the 1915 scarps.
Perhaps the earthquake during which they formed
was of larger magnitude than that of 1915, or
perhaps fault displacements during the pre-1915
event were less in this locality but greater
elsewhere. The part of the Sou Hills scarp reacti-
vated in 1915 is only about half the total length of
the pre-1915 scarp, for the northern part of the old
scarp remained unbroken in 1915. Splays north-
east of the north end of the Pearce scarp also re-
mained unbroken in 1915. As noted above, the
northern part of the Tobin scarp is oriented paral-
lel to prominent scarps to the northwest, but those
scarps were inactive in 1915,

Although the faults appear to have a strong
tendency to break again and again in the same
place, during each displacement event some new
breaks develop, and the amounts of displacement
at given points may vary from event to event. The
1915 scarps generally, though not invariably, lie at
the base of older scarps, but in places they are
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many meters uphill from the older scarp. In other
places, 1915 scarps do not break the same segment
at all, or they splay or diverge from the sites of
previous scarps. The general longitudinal integ-
rity of mountain blocks, however, attests to the
fact that over long periods of time cumulative dis-
placements along segments of faults many kilome-
ters long will average out.

SIZES OF THE EARTHQUAKES AS
DETERMINED FROM SCARP DIMENSIONS

The main 1915 earthquake has been assigned
various magnitudes: 734 (Coffman and von Hake,
1973), 7.6 (Richter, 1958), and 7.5-7.8 (Alan S.
Ryall, written commun., 1974). The size can also be
expressed as seismic moment (Brune, 1968;
Thatcher and Hanks, 1973; Hanks and others,
1975; Thatcher 1975; Kanamori, 1977a, b; Hanks
and Kanamori, 1979), which in turn can be derived
from fault dimensions and amount of slip (fig. 28,
table 1). Seismic moment (M,) is defined as

M, = uDLh

where u is shear modulus, D is average displacement,
L is rupture length, and & is rupture dimension along
the dip of the fault plane. The seismic moments of the
cumulative rupture surfaces and of the individual rup-
ture surfaces represented by the four main scarps are
given in table 1; the displacements are depicted in fig-
ure 28. The rupture dimension along the dip of the
fault plane is assumed in each case to be 17 km (15
km depth corrected for 60° dip), a depth consistent
with maximum depth of hypocenters in Nevada; shear
modulus is assumed to be 3 x 10'! dyne/cm?, a com-
mon value for rocks.

Seismic moment can be translated into mag-
nitude to enable comparison with other large
earthquakes in the world. Hanks and Kanamori
(1979) review the relations between seismic mo-
ment and the three expressions of magnitude, M,,
M, and M,. The three forms nearly coincide and
they imply a moment-magnitude scale M = 2/3 log
M-10.7, which is uniformly valid for 3sM, <7,
bsM.<7% and M,=T7%. Values of M calculated
by this relation are given in table 1. Singh and
Havskov (1980) suggest for intraplate events the
relation M = 2/3 log M,~10.46, from which a value
of M, = 7.4 would be obtained.

The values of magnitude derived from the sur-
face expression of faulting and from moment-
magnitude relations are approximately 1/2 M
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TABLE 1.—Sizes of earthquakes, according to foult dimensions,
magnitudes, and seismic moments

[D, average displacement; L, rupture length; M,, seismic moment; M,
moment-magnitude; M, magnitude]

D L M, M M
(m)  (km) (dyne/em x 1(7)

1915, Scarps overall 2.03 59 61 7.2  7.5-7.8
China Mountain scarp 93 10.0 4.7 6.4 —
Tobin scarp 1.86 8.5 8.1 6.6 —
Pearce scarp 2.81 30 42.8 7.1 —
Sou Hills scarp .86 10.5 4.6 6.4 —

1872, Owens Valley, Calif. — — 500 7.8 —

1932, Cedar Mountain, Nev. —_ — — — 273

1940, Imperial Valley, Calif. — — 130 37.0 271

1954, Dixie Valley-

Fairview Peak, Nev. — — 190 — 7.1

'Hanks and others, 1975
2Coffman and von Hake, 1973
3Hanks and Kanamori, 1979

lower than those derived from seismic-wave
analysis. Many problems arise in obtaining mutu-
ally consistent magnitudes from the two methods.
The argument can be made that surface faulting is
neither a complete expression of the entire surface
of displacement nor of the amount of displace-
ment. For example, slip areas less than the depth
of brittle behavior of the crust (approximately 15
km) may be contained completely below the
ground surface. Slip may increase downward if
strain is imparted at the base of the brittle layer
and rupture is propagated upward. A slip surface
may lengthen or shorten downward; however, the
Pearce scarp coincides so closely with the flank of
the Pearce mountain block that the 1915 scarp
would seem to reflect fairly accurately the length
of the block and its bounding fault plane.
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The two large foreshocks may have been ac-
companied by the development of one of the four
scarps or by a partial development of one or more
of the scarps.

CHARACTERISTICS OF FAULTING AND
SOME TECTONIC IMPLICATIONS

Characteristiecs of the 1915 faulting lead to
some interpretations about regional tectonics and
mechanisms of faulting. Two features, in particu-
lar, require discussion: (1) eastward tilting of the
range blocks along which the 1915 scarps were
formed, and (2) the right-stepping en echelon pat-
tern of the four scarps.

EASTWARD TILTING OF RANGE BLOCKS

The China Mountain, Tobin, Pearce, and Sou
Hills scarps all developed along the west flanks of
mountain blocks (pl. 1; fig. 29). The youngest fault
scarps bounding many other mountain blocks in
the region, although prehistoric, also are on the
west flanks of the mountains; the Humboldt and
East ranges west of the 1915 scarps, and the Fish
Creek Mountains, the Shoshone Range, and the
Cortez Mountains to the east (fig. 29). To the
north, a young fault scarp on the west flank of the
Sonoma Range is in general alinement with part of
the Tobin scarp (Wallace, 1979) (plL. 1).

The preponderance of the youngest fault
scarps on the west margin of these ranges and the
uplift of the ranges relative to the basins suggest
that the range blocks have been tilting dominantly
to the east in late Quaternary time. In addition,
continental sediments of late Tertiary age that
crop out on the east flanks of many of these ranges
dip eastward at angles of as much as 35°. Basalt
flows dipping eastward between 5° and 10° form
erosional remnants on the east flanks of many

China Mountain I
scarp

Tobin scarp

0 5 10 15 20 25

1
30 35 40 45 50 55 60

KILOMETERS

FIGURE 28.—Long profile of displacement on four main 1915 scarp segments.
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ranges and in places lie unconformably across bev-
eled edges of the older continental sediments.
These relations further demonstrate the progres-
sive eastward tilting of the range blocks.

Not all range blocks tilt simply to the east. The
Buffalo Mountain block northeast of China Moun-
tain, which has a young scarp on its southeast
flank, appears to have been tilted to the north-
west. Young fault scarps on the west and north-
west flanks of the Battle Mountain block suggest
tilting to the east and southeast. Volcanic flows in
the Fish Creek Mountains are warped into a broad
synclinal structure, which is broken into smaller
blocks by faults. Although the western part dips
eastward and is bounded on the west by a young
scarp, some young scarps face east on the east side
of the range and south on the south side of the
range.

South of the 1915 scarps, and approximately
along strike with the Sou Hills scarp, the east
flank of the Stillwater Range is one of the most
prominent, steep range fronts in the region, and it
has an east-facing, young fault scarp at its base.
Scarps produced during the 1954 earthquake in

118°
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Dixie Valley lie along this same range front, but
extend only to a point about 42 km south of the Sou
Hills. Young scarps lie along parts of the west
flank of the Stillwater Range. Within the Stillwa-
ter Range, basalt flows and other volcanic rocks,
presumably of ages comparable to those dated as
10-14 m.y. old, are present in open folds and
faulted blocks tilted a few degrees east or west to
form a complex structural pattern. The change
along strike, from west-facing scarps exemplified
by the 1915 scarps to east-facing scarps
exemplified by the east front of the Stillwater
Range, takes place at about lat 40° N. A pro-
nounced change in the tilt characteristics of other
ranges north and south of this parallel in central
Nevada suggests a boundary of domains of some
tectonic significance (Stewart, 1980).

No mechanism is readily apparent to account
for the consistent eastward tilt, between lat 40°-
41° N. and about longitude 116°-118.5° W., of a
series of range blocks. Stewart (1978, 1980) reviews
several possible models. Regional extension might
account for continued tilting once a direction of
tilting has been established, but to initiate tilting
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in one direction would require some form of
asymmetry, such as the master fractures postu-
lated by Stewart. Moore (1960) suggests that the
preferred direction of tilt might be related to grav-
ity sliding from regional topographic highs, but no
such relation to topography consistent with this
explanation has been shown to pertain over the
Great Basin.

At least some of the range blocks may have
slid or slumped from other, larger adjacent range
blocks in grossly landslidelike fashion, tilting to-
ward the parent range block along curved fault
surfaces. I refer to such blocks (fig. 32) as
“second-order blocks.”

A diagnostic feature of such blocks would be
tilting of a small block toward a larger one. For
example, Muller and others (1951) show that the
Pearce block tilted progressively eastward; they
state that ‘““the dip of rhyolite is steeper than that
of the overlying andesite” and it is small in com-
parison to the main Tobin Range block. The rela-
tion of the Sou Hills block to the Tobin Range block
is similar, but not as clear.

Another range block in the region, for which
the evidence of rotation toward a parent block is
clearer, is the West Humboldt Range block (fig. 30)
(Wallace, 1965). That the West Humboldt Range
block has slumped or dropped relative to the Hum-
boldt Range and has continued to rotate or tilt to-
ward the Humboldt Range is evidenced by the fol-
lowing: Within the West Humboldt block, a thick
section of fanglomerate of Tertiary age, clasts of

FAULTING RELATED TO THE 1915 EARTHQUAKES IN PLEASANT VALLEY, NEVADA

which were derived from the main Humboldt
Range block, now dips 30°-35° toward the Hum-
boldt Range; basalt flows approximately 10 m.y.
old lie unconformably across the beveled edges of
the fanglomerate and dip 8°-10° toward the Hum-
boldt Range; and above the basalt a surface on
terrace gravels of late Quaternary age slopes 1°-2°
toward the Humboldt Range.

Although the Pearce and Sou Hills blocks are
relatively small, the West Humboldt Range block
is comparable in size to most ranges in the Great
Basin. So if the West Humboldt Range is a
second-order structure, a similar relation might
pertain to many other ranges in the region. It is
tempting to apply the listrie-fault model of a range
the size of the West Humboldt Range to all the
tilted ranges in the region, but such a step is dif-
ficult to support.

EN ECHELON PATTERN OF SCARPS AND
REGIONAL EXTENSION

The four scarps, China Mountain, Tobin,
Pearce, and Sou Hills, are arranged in a right-
stepping, en echelon pattern confined to a belt ap-
proximately 6 km wide, 60 km long, and trending
N. 25° E. The Tobin and Sou Hills scarps are seg-
ments of faults that extend many kilometers be-
yond the belt of 1915 reactivation. The belt of reac-
tivation trends across the four range blocks and
their bounding faults with no apparent relation to
any conspicuous surficial structure (see fig. 29).
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FIGURE 30.—Diagrammatic cross section of West Humboldt and Humboldt Ranges showing possible landslidelike slip on listric
fault invoked to explain homoclinal structure in West Humboldt Range. Y-Y’ is locus of points about which rotation could
move fan gravel beds from reconstructed original positions A, B, and C to present positions A’, B’, and C’ (after Wallace, 1965).
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This independence from obvious surficial struc-
ture suggests that the belt relates to some deep
structure and that the effects of extension across
the belt are imposed on upper crustal blocks that
originally formed in some other stress domain. The
elongate belt of reactivation is characterized by
extension normal to its long axis, as discussed be-
low, but whether this linear zone of extension at
depth is accommodated in a brittle mode, for
example a fault zone, or in a ductile mode is un-
known. The strike discordance of the reactivated
faults and the trend of the zone of extension must
result in a zone of readjustment, perhaps a sub-
horizontal zone of decoupling, between the extend-
ing material at depth and the shallower fault
blocks being rotated.

Widely divergent strikes characterize major
faults in the surrounding region (figure 29).
Trends of faults in the region cluster in three prin-
cipal orientations: northwest, north, and north-
east. Each of these trends may have developed at a
different time; the northwest trend, including the
Oregon-Nevada lineament, is considered to have
developed in late Miocene time (Stewart and oth-
ers, 1975) and may be the earliest. The pattern of
faults in several ranges indicates that these
trends intersect. For example, the northern and
southern parts of the fault along the west flank of
the Humboldt Range, as well as a splaying fault
near its midsection, strike northeast, whereas the
major part of the fault along the range front
strikes north. Similarly, faults bounding the East
and Shoshone Ranges are made up of northeast-,
north-, and northwest-striking segments. The dif-
ferent strikes of different segments of the 1915
scarp reflect these three major trends.

Regional extension can also be inferred from
displacement vectors on the 1915 scarps. The few
observed sets of slickensides plunge in directions
that range from about N. 50° W. to N. 75° W. and
average about N. 60° W. (fig. 31). North- and
northwest-striking segments of the scarps gener-
ally display a right-lateral component of displace-
ment, segments striking N. 20°-40° E. display sim-
ple dip slip, and one segment striking N. 70°-80° E.
displays a left-lateral slip component. Regional ex-
tension normal to the N. 20°-25° E. trend of the belt
of reactivation, that is, N. 65°-70° W., would be con-
sistent with the detailed slip vectors described.
The orientation, N. 55° W., of regional extension
inferred in Dixie Valley by Thompson and Burke
(1973) is within the limit of error of the slip-vector
measurements made on the 1915 scarps. The
orientation of two grabens near the south end of
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the Pearce scarp suggests a similar orientation, N.
60° W., of regional extension.

TECTONIC IMPLICATIONS

An attempt to synthesize some of the forego-
ing data and hypotheses into one model is shown
diagrammatically in figure 32. Incorporated into
this model are: (1) A predominantly eastward tilt
of ranges at the latitude of the 1915 scarps; (2) a
first- and second-order relation between some
blocks; (3) a listric style of faulting bounding the
ranges; (4) a limit of depth of seismic events, and
thus of brittle behavior, to approximately 15 km;
(5) presence of the Moho at a depth of about 25 km
(Pakiser, 1963; Eaton, 1963); (6) a subhorizontal
zone of decoupling at the base of the the listric
faults (as in a similar structural setting in Utah,
see McDonald, 1976); (7) a zone of extension at
depth.

Although this model accounts for many of the
observations, it raises many questions that await
satisfactory answers. How do listric faults bottom,
and why do they form in the first place? Is it plau-
sible that listric faults be seismogenic? What is the
nature of the deep zone of extension, and why
should extension be confined to an elongate nar-
row belt? How can the effects of a narrow zone of

N

FIGURE 31.—Stereographic plot of orientation of plunge of slick-
ensides on bedrock along Pleasant Valley scarp. Plotted on
equal-area stereographic net, lower hemisphere.
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extension be propagated upward through a zone of
decoupling? Why would the results of extension at
depth be expressed at the surface as a narrow
band of reactivated fault segments, rather than be
more widely distributed on listric faults that di-
verge upward from the vicinity of the deep zone of
extension?
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FAULTING RELATED TO THE 1915 EARTHQUAKES IN PLEASANT VALLEY, NEVADA

EXPLORATORY TRENCH ACROSS THE PLEASANT VALLEY FAULT,
NEVADA

By M. G. BoniLLa, H. A. VILLALOBOS, and R. E. WALLACF

ABSTRACT

An exploratory trench was excavated across the 1915 trace
of the Pleasant Valley fault, 60 km south of Winnemucca,
Nevada, to study the history of recent displacenients on a fault
that had produced a major earthquake in historic time and to
ascertain the appearance of such a fault in a trench cut in
gravels, sands, and silts of an alluvial fan.

The trench exposed 16 mappable sedimentary units and
four soils, including three buried paleosols. The ages of the
mapped units could not be narrowly defined, but they are of
late Quaternary age. Some rodent bones suggest a possible age
of about 5,000 years for one of the higher stratigraphic units.

The fault zone is very clearly represented in the 4-m-deep
trench, appearing as a zone of fault rubble as much as 1.5 m
wide. Two fractures outside the fault rubble show no vertical
displacement. In addition to the fault rubble, the fault is con-
spicuous because several of the mapped units terminate
abruptly against the rubble zone and because the sediments
southeast of the zone are coarser grained than the sediments
northwest of the zone.

The maximum vertical component of the 1915 displacement
is estimated to be 04-0.6 m on the basis of topography and
0.5-0.6 m on the basis of displacement of stratigraphic units,
including soils. At least two episodes of vertical displacement,
one of about 0.3 m and another of at least 0.2 m, occurred prior
to 1915, perhaps during the last 5,000 years. These and other
displacement events that happened before 1915 are poorly
dated, but several certainly occurred in late Pleistocene and
Holocene time.

The absence of wedge-shaped deposits or concentrations of
large clasts adjacent to the fault suggests that all fault dis-
placements at the site were small, probably less than 1 m each.

INTRODUCTION

An exploratory trench was excavated across
the October 2, 1915, trace of the Pleasant Valley
fault, 60 km south of Winnemuececa, Nevada. This
work was part of a broader study, sponsored by the
U.S. Nuclear Regulatory Commission, of the use of
trenching to evaluate active faults. The principal
purpose of our work was to obtain information on
the recent history of the fault and on the fault’s
appearance in the trench. A suitable site required
young bedded sediments and fault displacements

small enough that young displaced beds on the
downthrown side could be reached by a trench
about 4 m deep. A site meeting these criteria was
found on the Pearce scarp segment of the fault, in
the NW1/4 sec. 35, T. 30 N., R. 39 E., Mt. Diablo
Base and Meridian. This site is 1.2 km N. 41.5° E, of
the Siard Ranch house (fig. 1) where bedded
alluvial-fan deposits were displaced less than 1 m
in 1915 (Wallace, this volume, pl. 1); it is 3-4 km
west of the front of the Tobin Range, from which
the sediments in the trench were largely derived.
Ground-surface elevation at the site is about 1,620
m; the local topography and the location of the
trench can be seen in figure 2. The trench, perpen-
dicular to the fault, was oriented about N. 40° W.
and was about 30 m long, 1 m wide, and 24 m deep.
Trench supports consisted of hydraulic shoring
with a spacing of 1.4-1.8 m between sets. The
trench was open from September 7 to September
22, 1977.

Acknowledgments—This investigation was
partly supported by the Office of Nuclear Regula-
tory Research, U.S. Nuclear Regulatory Commis-
sion. Mrs. T. A. Kaplan-Henry ably assisted in
shoring and mapping the trench, Robert and
Caesar Siard cooperated in various helpful ways,
and D. G. Herd consulted on soil identification.

MAPPING OF THE TRENCH

The southwest wall of the trench was
thoroughly cleaned with pick and brush (addi-
tional cleaning was needed during mapping, owing
to the dry and dusty conditions), and mapping
units were then selected primarily on the basis of
lithology, soil development, and stratigraphic
criteria. Once the unit boundaries were identified,
they were marked with spray paint, nails, and
flagging. Mapping was done by measuring vertical
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sections about 1 m apart and by taking supple-
mental measurements at critical points; horizon-
tal control was by steel tape, and vertical control
was by line level. The northeast wall was inspected
but not mapped because the units and fault fea-
tures were found to correlate closely across the
trench. Cleaning of the walls and selection, mark-
ing, and mapping of the units was done in 11 days
by H. A. Villalobos and T. A. Kaplan-Henry.

FAULTING RELATED TO THE 1915 EARTHQUAKES IN PLEASANT VALLEY, NEVADA

SEDIMENTARY UNITS MAPPED IN THE TRENCH

The sedimentary materials exposed in the
trench were divided into 16 units. Except for the
uppermost unit, which is primarily loess, all of the
units are of types characteristic of an alluvial-fan
environment; they include fan deposits, mud-flow
deposits, and bajada deposits (table 1; pl. 1). The
mapping units in plate 1 are designated by letters,
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EXPLORATORY TRENCH ACROSS THE PLEASANT VALLEY FAULT

‘burnt hair’ when ignited and is caliche-coated.”
No caliche was noted on the bones from the bur-
row.

Uncertainties in the dating of the rodent
bones and about the relations of the bones to the
mapped units are important because of the signifi-
cance of those factors to the history of displace-
ment along the fault. The high proportion of un-
leached organic material suggests an age less than
10,000 years (C. A. Repenning, written commun.,
1977) and possibly less than 5,000 years (C. A. Re-
penning, oral commun., 1980). These estimates do
not imply a minimum age, but the caliche coating
on the bone-fragment clast suggests that it is not
modern. If the fragment in unit L is a sedimentary
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clast and not exotie, then unit L—and thus
paleosol units b2B and b2b;—is as young as the
bone fragment; consequently, the bone fragment’s
identification as a sedimentary clast is ecritical,
and supporting evidence would be helpful. More
bones are found in the burrow, but the correlation
of the bones’ ages to the soil units is ambiguous.
Correlation of the bones in the burrow and the
burrow itself with units L, b2B, and b2B; rests
largely on the depth of the burrow. Hall (1946, p.
297) reports that Townsend ground squirrels near
Fallon, Nevada, dig home burrows between 60 and
146.5 ¢m deep and auxiliary burrows between 30.6
and 45 ¢m deep. If the burrow in the trench wall is
an auxiliary burrow, its depth of 1.1 m suggests

TABLE 1.—Sedimentary units mapped in the trench—Continued

Unit

Description

medium pebble size, have

oriented,

Matrix chiefly of silt but ranges from clay to fine sand size.
of well-sorted pebble
Buried soil preserved over part of its extent.

encloses a lens and beds

designated unit I.

I._ Loose pebble gravel.
orange color.

J.. Pale-yellowish-orange cobble gravel.
consist of very coarse pebbles and cobbles.
sand and silt fills most spaces between large clasts.

-~ Moderate-yellowish-brown friable silty pebble gravel.
low to moderate sphericity,
are floating in the matrix and do not touch one another.

Clasts mostly of
are randomly

Unit

gravel that are

Iron oxide staining gives it a dark-yellowish-
Pebbles mostly 4-16 mm in diameter, well sorted.

Moderately well sorted; most clasts
Clasts touch one another;
Many clasts are

flat lying and others are imbricated, inclined downward to southeast.

K_. Pale-olive pebbly silty clay.

seen in matrix.

L..  Grayish-orange loosely packed pebbly silt and sand.
particles range from silt to granules and scattered pebbles.
with calcareous coatings 1-3 mm thick.

clasts are randomly oriented,

Scattered clasts, mostly of pebble size
but including a few cobbles, are randomly oriented.
uneven peds 5-10 mm in diameter with smooth shiny faces.
Probably a mudflow deposit.

Matrix breaks into
No voids were

Poorly sorted;
Coarse

Matrix calcareous; soil developed on part of unit.

Contains scattered medium to coarse

M__  Grayish-orange pebbly silty clay.
pebbles, randomly oriented, with partial calcareous coating (usually on
bottom). Matrix has small (<1 mm) voids throughout, is highly cal-
careous. Buried soil preservea on top of this unit.

N._ Pebbly silty clay. Very similar to unit M but without well-developed

soil.

0O._.  Very pale orange friable silty pebble gravel. Pebbles are in contact

with one another, are mostly in coarse to very coarse size range, are
randomly oriented, have partial calcareous coatings (usually on
bottom). Matrix ranges from silt to sand, is highly calcareous.

-- Moderate-yellowish-brown silty pebble gravel. Most larger clasts are
4-16 mm in diameter but a few are of cobble size; they are in contact
with one another, and most nave thin calcareous coatings. Matrix
ranges from silt to very fine sand, is slightly calcareous, contains
clumps of iron oxide cement. Unit has a crumbly fracture; pebble sizes
seem to decrease upward; contact with overlying unit is gradational.
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TABLE 2.—Soils mapped in the trench

Soil Color Texture Structure Other
{Munsell colors)
Modern

MA--=--=--- Very pale orange (10 YR 8/2) Silty. Uneven, earthy fracture. Not calcareous. Many voids
(dry) to moderate yellowish 0.1-0.5 mm in diameter.
brown (10 YR 5/4) (wet).

mB-=c-mmmm Moderate yellowish brown Clayey Peds not well developed, Not calcareous.
(10 YR 5/4) (dry) to dark silt. fracture uneven and Clay skins poorly
yellowish brown (10 YR 4/2) crumbly, polygonal, developed. Many voids
(wet). 10-20 mm across. 0.1-0.5 mm in diameter.

8uried

b1B-=----- Moderate yellowish brown Mostly Peds poorly developed, Mottled with veinlets
(10 YR 5/4) (dry) to moderate silt. 3-15 mm across, crumbly of carbonate. Clay
brown (5 YR 4/4) (wet). fracture. skins poorly developed.

b2B------- Pale yellowish brown (10 YR 6/2) Clayey Peds well developed, Mottled with
(dry) to dark yellowish brown silt. especially west of carbonates. Has voids
(10 YR 4/2) (moist). X = 26, break out easily, <0.5 mm in diameter.

are 10-20 mm in diameter.

b2B3------ Pale yellowish brown (10 YR 6/2) Clayey Peds poorly developed, Mottled with carbonates.
(dry) to dark yellowish brown silt. about 5-10 mm across, Clay skins poorly
(10 YR 4/2) (moist). crumbly fracture. developed.

b3B---mm-- Moderate yellowish brown {10 YR Clayey Peds poorly developed, Extensively mottled
5/4) (northwest of x = 18.7) to silt. have crumbly polygonal with carbonates.

moderate brown (5 YR 4/4)
(southeast of x = 18.7).

fracture, about 2-10 mm
across.

Carbonate veinlets seem
to have formed in ped

fractures west of x = 18.7.

that it was dug before the modern surface formed;
if it is a home burrow, its depth does not rule out a
modern age. The absence of caliche on these bones
favors a modern age.

If, indeed, the rodent burrow and bones relate
to unit L and the paleosol rather than to the mod-
ern surface, the burrow may have been dug either
near the beginning or near the end of the soil-
forming period, a period of time that could span
thousands of years. Unit L, must be older than the
burrow, but how much older is unknown. It might
be nearly contemporaneous, perhaps a few
hundred years older, but it could be thousands of
years older. Thus, the bones in the burrow are of
limited use in dating, and we must rely on the iso-
lated bone-fragment clast as evidence for the age
of unit L.

At best, the above arguments can only suggest
a possible maximum age (about 5,000 years) for the
rodent bones, the paleosol, and unit L. Evidence
for the possible minimum age is examined next.

After paleosol b2B-b2B; was formed, the fol-
lowing events took place: (a) Uplift of the south-
eastern block caused paleosol b2B-b2B,, at least, to
be eroded from the block east of the fault, forming

a rather even surface as the base for unit B, (b) a
probable mud flow (unit B) was deposited, (c) loess
(unit A) was deposited, (d) older scarp facets above
the 1915 scarp declined from steep angles to angles
as low as 9°, and (e) modern soil horizons (mA and
mB) were formed.

Deposition of the probable mud flow (unit B)
could have occurred in one flash flood, but deposi-
tion of the loess (unit A) was probably a complex
process, involving both periods of deposition and
periods of deflation. Alternation of deposition and
deflation of loess occurs today, but on the steeper
slopes, which are remnants of pre-1915 scarps and
which are cut by the trench, erosion by wash prob-
ably currently exceeds deposition from dust
storms. The nearness of the site to the floor of pre-
historic Lake Lahontan and the known deflation
from the lake floor (Wallace, 1961) suggest that the
loess was derived from there. Most of the deflation
from the lake beds must have occurred after a
large part of the lake had disappeared, a time con-
siderably later than the last high stand of the lake
(about 12,000 years ago). However, the loess at the
trench site may not have been laid down during
the period of major loess deposition at all. It may
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be relatively modern, and some may even be
transported by sheet wash from higher on the
slope. The age of the loess, therefore, is probably
less than 12,000 years, but beyond that, it remains
indeterminate.

The modern soil horizons (mA and mB) are not
well developed but must have required more than
a few hundred years to form. No soil has yet
formed on the 1915 scarp. Considering that only 15
to 20 cm of precipitation falls each year, as much
as a few thousand years may have been required
for soil horizons mA and mB to form. Poor de-
velopment of peds in the soil suggests an age of no
more than a few thousand years (R. J. Janda, oral
commun., 1980, and E. J. Bell, oral commun., 1980).

In summary, some of the data suggest that the
surface that forms the base of unit B was formed
after middle Holocene time (about 5,000 years ago),
but more than a few thousand years ago. Much of
the evidence is ambiguous or inconclusive.

FAULTS
FAULT ZONE

Within the trench, a fault zone sharply termi-
nates several of the mapped units near x = 14. A
band of fault rubble 1 to 1.5 m wide marks the fault
zone. Southeast of the fault zone the sediments
are predominantly of gravel (pebble size or larger)
and have dips between horizontal and 5° north-
west; the sediments northwest of the fault zone
are predominantly of sand size or smaller and dip
northwestward about 9° near the fault. The
fault rubble can be divided into southeastern and
northwestern parts. The southeastern part con-
sists of pebbles and cobbles in a matrix of silt,
sand, and caliche. Many of the clasts have calcare-
ous skins about 1-3 mm thick and are similar to
those in units G and F. Fractures cut this rubble,
and many of them are highlighted by veinlets of
calcareous material, particularly along the south-
east side of the rubble zone. The northwestern
part of the rubble is generally finer grained, con-
sisting of a mixture of sand, silt, pebbles, and some
cobbles. The northwestern part of the rubble is
less consolidated than the southeastern part and
tends to cave in where excavated. This difference
in consolidation suggests that the most recent
fault displacements were confined to the north-
western part of the fault zone; this hypothesis is
further supported by the absence of displacement
of unit B and the modern soil where they overlie
the southeastern part of the fault rubble (pl. 1).

Fractures outside the fault zone were
examined for signs of displacement. A fracture
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zone as much as 0.1 m near x = 12 is highlight-
ed by caliche, which obscures the unit boundaries
within the fracture zone. The units crossed by the
fracture zone are not displaced. The fracture zone
could not be traced to the surface or to the bottom
of the trench. The absence of displacement and the
limited vertical extent suggest that it might have
formed by slumping, the block to the northwest
having tilted toward an open face of a fault scarp.
Such slump features are common along the 1915
scarp. No other evidence of an open face is appar-
ent, however, and the fracture may have formed
as an extension crack at depth, in response to ten-
sion across the whole zone.

A similar fracture appears at about x = 17.5.
This fracture seems to offset the contact between
units L and N, but other units, both above and
below, are not offset. The apparent offset may be
only an irregularity in the contact.

FAULT SCARPS

Almost the entire length of the trench was ex-
cavated on a degraded set of scarp facets that re-
sulted from repeated displacements of the fault.
The spur above the scarps has a slope of 5° to 6°
and the bajada below has a slope of 4° to 5°, but the
degraded fault scarps have slopes between 9° and
23° and at least two facets are identifiable above
the 1915 break. The top member of this set of old
scarps is at about x = 1.3 (pl. 1). Between x = 1.3
and x = 10 is a fairly regular slope of about 9° or
10°, from« = 10 tox = 13 is a slope of about 14°, and
between x = 13 and ¥ = 14.5 is a slope of approxi-
mately 23°. The top of the surface zone that was
disturbed by faulting in 1915 and subsequent slope
degradation is near x = 13 and extends west to
about x = 15.3.

AMOUNT AND TIMING OF DISPLACEMENTS ON FAULTS

To estimate the amount and the timing of pre-
historic displacements on the fault was one of the
principal goals of this project. We find that the
evidence for ages of the units offset is ambiguous
or indeterminate and that only the modern soil
units and two sedimentary units can be correlated
with certainty across the fault. Nevertheless,
some useful conclusions can be reached. As dis-
cussed below, the 1915 displacement at the trench
site was about 0.5 to 0.6 m, unit B was displaced
about 0.3 m prior to 1915, and at least 0.2 m of
displacement occurred between the formation of
paleosol b2B-b2B; and the deposition of unit B.
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Furthermore, there is evidence that the displace-
ments in these events as well as in all the late
Pleistocene through Holocene events on this part
of the Pleasant Valley fault were small, probably 1
m or less.

The positions of the modern soil horizons and
unit B at the hypothetical fault plane within the
fault rubble must be extrapolated from the bed-
ding adjacent to the fault zone, and several ex-
trapolations are possible (fig. 3). The inferred bed-
ding relations at the fault zone indicate a range of
vertical displacement during the 1915 motion of
049 to 0.86 m (table 3). Vertical displacements

SE
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greater than about 0.65 m, however, are improba-
ble. A restoration of that magnitude along the
fault would place the top of unit B on the north-
west (downhill) side of the fault above the ground
surface on the southeast (uphill) side of the fault
and it would place the base of mA higher on the
downhill side of the fault than on the uphill side.
Thus, the evidence from the bases of mA and mB,
the top of unit B, and projection of the ground sur-
face that lies southeast of the fault indicates that
the 1915 displacement had a vertical component
between 0.49 m and 0.65 m. This is a maximum
because the evidence does not exclude possible
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FIGURE 8.—Method of estimating displacements on the fault, assuming various extrapolations of the bases of soil horizons mB
and mA and stratigraphic unit B. For each horizon, two or more possible extrapolations are shown and are constructed to give
nearly a maximum value as well as an intermediate-to-small value of displacement. Inferred position of fault (assumed to dip
75°) and extrapolations of contacts are shown by light dashed lines; other line symbols are the same as on plate 1. See text and
tables 3 and 4 for discussion of lettered points, and tables 1 and 2 for description of units and soils.
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TABLE 3.—Estimates of displacements without allowance for drag

Match Displacement (m)
points Dip Vertica
slip component

Effect of relative movement of the
two sides of the fault by the
given displacements

Base of mA

A-E______ 0.66

...... .51

0.64

.49

Acceptable join of base of mA and mB,
but gives part of base of mA a flat
slope. Top of unit B northwest of
fault extends above ground surface
projected from southeast of 1915
fault scarp, unless projections in-
clude an unlikely near-horizontal
segment.

Gooa join of base of mA, acceptable
join of base mB; requires thin mB
near fault, but acceptable. Top of
unit B is near or above ground sur-
face as projected from southeast.

Base of mB

______ .67

...... .89

D-F______ .60

.65
.68

.86

.58

.61

.79

Effects similar to A-E above.

Base of mA on northwest (downhill)
side of fault slightly higher (0.04
m) than base of mA projected
horizontally from southeast side.
Top of unit B northwest of fault
extends above projection of 14°
slope from southeast of 1915 fault
scarp.

Base of mA on northwest side of

fault is substantially higher (0.23
m) than base of mA projected hori-
zontally from soutneast side. Top
of unit B extends far above projec-
tions of ground surface from south-
east of 1915 fault scarp.

Acceptable join of base of mA;
other effects intermediate between
A-E and B-E.

Acceptable join of base mA; other
effects similar to A-E.

Base of mA on northwest side of
fault is substantially higher (0.16
m) than base of mA projected hori-
zontally from southeast side. Top
of unit B extends above horizontal
projection of ground surface from
southeast side of 1915 fault scarp.

Base of unit B

...... .96

.93

.96
.78
.81

Top of unit B on northwest side of
fault would have been higher than
horizontal projection of unit B from
southeast side of fault if unit B
had its present thickness southeast
of fault.

Do.
Do.

Do.

B9



B10

FAULTING RELATED TO THE 1915 EARTHQUAKES IN PLEASANT VALLEY, NEVADA

TABLE 4.—FEstimates of displacements allowing for postulated drag

Match Displacement (m Effect of relative movement of the
points Dip Vertica two sides of the fault by the
slip component given displacements
Base of mA

A-d___ 0.86 0.83 Requires unlikely flat slope for
top of unit B at the fault. Base of
mB requires short flat slope.

B-d_.. 71 .69 Top of unit B is above projection
of 14° slope southeast of 1915 scarp
but below horizontal projection.
Base of mB about 0.07 m too low on
northwest, but acceptable.

Base of mB

C-K__. .86 .83 Same as A-J.

D-K___ .79 .76 Top of unit B above projection of
14° slope southeast of 1915 scarp
but below horizontal projection;
base of mA makes good fit.

Base of unit B

A-K___ 1.15 1.11 Top of unit B on northwest side of
fault would have been higher than a
horizontal projection of unit B from
southeast side of fault if unit B
had its present thickness southeast
of fault.

B-K .99 .96 Do.

displacement after the formation of the bases of
mA and mB but before 1915, As discussed below,
the topography alone suggests a 1915 vertical
component between 0.4 m and 0.6 m. Reasonable
extrapolations of the base of unit B indicate a ver-
tical component of displacement between 0.78 m
and 0.96 m (fig. 3; table 3). The difference between
these displacements and those indicated by bases
of mA and mB suggests that a displacement of 0.14
m to 0.47 m occurred after the deposition of unit B
but before 1915 and also before the formation of
the bases of mA and mB.

So far, the discussion of displacement has as-
sumed that no drag occurred during the 1915 fault-
ing. Some of the sedimentary units and soils have
a steeper dip just northwest of the fault (x = 14.5
to about x = 15.2) than they do farther northwest.
Moreover, the more steeply dipping parts are
underlain by fault rubble, and any distributed
faulting in the rubble would be likely to flex the

overlying units. To estimate the effects of such
drag, the dip of unit B at the fault was adjusted to
conform to the general dip that unit B has farther
northwest, and then the other horizons were ad-
justed accordingly. On figure 3, the adjusted posi-
tion of the base of mA is represented by point J,
and the adjusted position of the bases of mB and
unit B are represented by point K. The resulting
estimates of displacement (table 4) are generally
larger than the estimates listed in table 3. They
also show a difference (0.13 m to 0.42 m of vertical
component) between the displacements of the base
of unit B and the bases of mA and mB, a difference
suggesting a pre-1915 displacement of unit B.
Whether or not drag occurred at the trench
site in 1915 is not clear; probably it did not. No
obvious disruption of units was noted, but the pos-
tulated flexing is small (about 13°) and could have
been accomplished by small intergranular move-
ments. The best evidence on the question is the
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size of the 1915 displacement as inferred from the
topography at the trench. Because of ir-
regularities in the ground surface, the size of the
1915 displacement cannot be precisely determined
by this method, but the indicated range is between
0.4 and 0.6 m. This range is closer to the 0.5 t0 0.6 m
estimated from the trench data for displacement
without drag (table 3) than it is to the 0.7 to 0.8 m
estimated for displacement with drag (table 4).

The evidence given above for a pre-1915 dis-
placement of unit B is supported by the difference
in thickness of unit B on the two sides of the fault.
Except near the ends of the trench, unit B is gen-
erally thicker northwest of the fault than it is
southeast of the fault (pl 1). Two possible explana-
tions for the difference in thickness are: (1) Unit B
was deposited across a fault scarp and has always
been thicker on the northwest, or (2) unit B, ini-
tially of about the same thickness on both sides of
the fault, has been uplifted and partly eroded
southeast of the fault. However, if unit B was de-
posited across a fault scarp, it probably would
have been thicker just below the scarp but of a
more normal thickness farther downslope; in fact
its thickness shows no notable changes about 12 m
downslope from the fault. The hypothesis that unit
B was deposited across a fault scarp is favored by
the steeper dip of unit B just below the fault, al-
though the steeper dip there could result from
fault drag.

Under the second explanation, unit B was de-
posited with a nearly uniform thickness across the
fault at a time when little or no topographic relief
existed at the fault; later, after faulting occurred,
the uplifted part of unit B was partly eroded. One
difficulty with this explanation is the manner in
which the erosion could be accomplished. The site
is near the end of a flat-topped spur that is less
than 150 m wide and has only a small catchment
area, but the spur does have a few shallow chan-
nels that indicate some erosion. Although the pres-
ent topography does not seem conducive to much
erosion, the environment did permit transport of
the silty gravel of unit B and could have permitted
subsequent erosion of the unit, given different
conditions of rainfall. Moreover, that unit B
southeast of the fault was originally thicker than
it is today is shown by the relative displacements
required to match the base of unit B across the
fault. All the reconstructions based on the postu-
lated displacements place the top of unit B on the
northwest side of the fault higher than the present
top of unit B southeast of the fault (tables 3 and 4).
Within about 8 m of each side of the fault, the av-
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erage thickness of unit B to the southeast of the
fault today is 0.26 m less than it is to the northwest
of the fault. If the erosion was equal to the fault-
ing, then for a fault dipping 75° a dip slip of 0.27 m
and a vertical component of 0.26 m would be im-
plied. These values are within the range of pre-
1915 displacements of unit B inferred above. Thus,
the 1915 vertical displacement at the trench site
was most probably in the range of 0.5 to 0.6 m, and
unit B probably has been displaced about 0.8 to
0.95 m, of which 0.2 to 0.35 m occurred prior to 1915,

The paleosol horizon b2B on unit L is well de-
veloped and it extends almost continuously from
the northwest end of the trench to the fault. This
soil probably extended southeastward across the
fault originally, but its southeastern part has been
faulted upward and removed by erosion in the vi-
cinity of the trench. The absence of horizon b2B
southeast of the fault gives a basis for estimating
its minimum displacement (fig. 4). The paleosol
horizon is not recognized southeast of the fault
zone; therefore, southeast of the fault zone the
base of the horizon must have been above the pres-
ent altitude of the base of unit B, and so a
minimum vertical displacement of 1.15 m is indi-
cated. Therefore, during the interval between the
cessation of the soil-forming processes responsible
for b2B and the planation of units G, F, and L to
form the base for unit B, one or more displacement
events produced a vertical component of displace-
ment of at least 0.2 m. (This value has been calcu-
lated by subtracting 0.95 m, which is the maximum
offset of the base of unit B given in table 3, from
1.15 m, which is the minimum offset of b2B.)

The events discussed in this section are sum-
marized by figure 5. That figure shows schemati-
cally the probable time relations of the various
fault displacements to each other and to the for-
mation of soils and sedimentary deposits.

Other variations in correlation and interpre-
tation can be imagined, but quantification of other
displacements older than the displacement of the
base of unit B remains uncertain. Given the prob-
ability that the exposed sedimentary units south-
east and northwest of the fault are not equivalent,
at least 6 or 7 m of total vertical displacement
across the fault is represented by the observable
record in the trench.

Significantly, no unit northwest of the fault is
wedge shaped, thick against the fault and thin-
ning northwestward, nor do the units contain a
concentration of large clasts near the fault and
finer clasts away from the fault. Such sedimentary
structures and lithologic variation would be pres-
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ent if scarps of a meter or more high had stood at
the fault line. In other words, no sedimentary fea-
ture records the presence of a large fault scarp
uphill of the sedimentary units L, M, N, O and P.
Two interpretations are suggested: First, no
scarps stood while L, M, N, O and P were being
deposited. Perhaps no fault displacement ex-
tended into the sediments before paleosol horizon
b2B; formed, the 6 or 7 m of displacement postu-
lated above did not occur, and units C through K
are correlatives of units L through P. This argu-
ment is contradicted by the width of the fault zone
(1.5 m) and the generally coarser nature of the
units southeast of the fault zone compared with
units northwest of the fault zone, both of which
argue for cumulative displacements measured in
many meters. Second, and more likely, individual
displacements were so small and relief along the
scarps formed was so low that the perturbation of
sedimentation downhill of the scarps is obscured
in the general heterogeneity of fan deposits.

The degraded fault scarps across which the
trench was cut provide additional evidence of both
the number of past fault displacements and their
ages (Wallace, 1977; Bucknam and Anderson,
1979). The different slopes of the degraded fault
scarps give the surface a faceted appearance. The
facet with a slope of 23° is interpreted as the local
expression of the 1915 fault scarp, which in other
places nearby has a free face. This facet has a
height of about 0.6 m. The next higher facet slopes
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14° and also has a height of 0.6 m; its slope/height
ratio suggests an origin in the last half of the
Holocene (Bucknam and Anderson, 1979). The
highest facet, which slopes 9°-10°, has a height of
1.5 m. This slope/height ratio suggests an early
Holocene or late Pleistocene age (Bucknam and
Anderson, 1979), but the scarp may be composed of
more than one facet. The scarp-facet evidence may
indicate at least two displacement events prior to
1915, in the Holocene or late Pleistocene, but their
exact timing cannot be determined from the data
available. The interrelations of the processes of
slope decline of the scarp facets, deposition and
partial erosion of mudflow unit B, deposition of
unit A, and development of the modern soil cannot
be resolved on the basis of the present data.

SUMMARY

An exploratory trench about 30 m long and 2
to 4 m deep was excavated across the 1915 trace of
the Pleasant Valley fault near the north end of the
Pearce scarp segment. The trench revealed 16
mappable sedimentary units and 4 soils, including
3 buried paleosols. The mapped units are of late
Quaternary age, and some rodent bones possibly
5,000 years old were found in one of the higher
stratigraphic units.

Faulting is very clearly represented in the
trench by the abrupt termination of several of the
units where they abut a zone of fault rubble as

NW

FIGURE 4—Method of estimating the minimum offset of the base of soil horizon b2B, present only west of the fault on unit L. The
fault is assumed to dip 75°. See tables 1 and 2 for descriptions of units and soils.
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much as 1.5 m wide. The fault rubble marks the
fault zone as exposed in the trench; although frac-
tures were noted outside the fault rubble, dip-slip
fault displacements have not occurred on them.
Southeast of the fault zone, the sediments are
predominantly of gravel size or larger and have
very low dips, whereas to the northwest they are
predominantly of sand size or finer and dip north-
westward about 9°. Only the uppermost units could
be correlated across the fault.

Displacement of about 0.5 to 0.6 m (maximum
vertical component) that occurred in 1915 is re-
corded by two sedimentary units and the modern
soil; an earlier displacement of about 0.3 m at a
time possibly less than 5,000 years ago is also rep-
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resented. Additionally, a paleosol is displaced at
least 1.15 m, of which at least 0.2 m occurred before
the 0.3 m displacement, also possibly less than
5,000 years ago but probably before a few
thousand years ago.

Most of the trench was located on a set of de-
graded fault scarps composed of four facets, three
with slopes of 9°-10°, 14°, 23°, and one with an ir-
regular surface. The lower two facets are believed
to have been produced in 1915 and modified later.
Topographic evidence suggests that about 0.4-0.6
m of the height of the two lower facets is the result
of the 1915 displacement, and the heights of the
facets above the 1915 scarps are 0.6 and 1.5 m, re-
spectively. The number and ages of pre-1915
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FIGURE 5.—Time relations of sedimentary deposits, soils, and fault displacements. Horizontal lines show possible time of
formation of the deposits, soils, and ground squirrel bones. Heights of vertical lines are proportional to probable fault
displacement. Time scale is schematic. See plate 1 and tables 1 and 2 for identification of units.
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events associated with the facets are uncertain,
but the slope/height ratios suggest a Holocene to
late Pleistocene age for them.

Displacement events prior to 1915 cannot be
dated accurately because of inconclusive evidence,
but it is certain that several did occurin late Pleis-
tocene and Holocene time. All of the fault dis-
placements at this site were small, probably less
than 1 m.
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